12 United States Patent

US007674709B2

(10) Patent No.: US 7.674.709 B2

Happ 45) Date of Patent: Mar. 9, 2010
(54) PHASE CHANGE MEMORY CELL WITH 5,825,046 A * 10/1998 Czubatyjetal. ............... 257/2
HIGH READ MARGIN AT LOW POWER 6,087,674 A * 7/2000 Ovshinsky etal. ............. 257/2
OPERATION 6,864,503 B2* 3/2005 Lung .....cocovvniiiiiininnnnn. 257/30
7,214,958 B2 5/2007 Happ
75) Ioventor, Thomas Happ Taryow, NY (US) 2001000040 A7 5001 Rl . v, 293
: . : — 2003/0156468 Al* 8/2003 Campbell et al. ........... 365/200
(73)  Assignee: Qimonda AG, Munich (DE) 2003/0194865 A1* 10/2003 Gilton 438/689
: : : : . 2004/0188735 Al* 9/2004 Hideki ....ccovevvevenann..n.. 257/295
(*) Notice:  Subject to any disclaimer, the term of this 2004/0202033 AL* 10/2004 L(l)x:rey ...................... 365/200
patent 1s extended or adjusted under 35 2005/0018526 AL*  1/2005 Le€ ..ovevvvevveerererennan.. 365/232
U.S.C. 154(b) by 231 days. 2006/0266992 Al* 11/2006 Matsui et al. .................. 257/4
(21) Appl. No.: 11/737,847 FOREIGN PATENT DOCUMENTS
(22) Filed:  Apr. 20, 2007 o R NP
(65) Prior Publication Data OTHER PURLICATIONS
US 2007/0190696 Al Aug. 16, 2007 Wicker Guy, “Nonvolatile, High Density, High Performance Phase
Change Memory”, 1999, Proc. SPIE, vol. 3894, pp. 2-9.*
Related U.S. Application Data Campbell, “The Science and Engineering of Microelectronic Fabri-
(60) Division of application No. 11/101,972, filed on Apr. cation”, 2001, Oxtord University Press, p. 542.
8, 2005, now Pat. No. 7,214,938, and a continuation- * cited by examiner
in-part of application No. 11/054,853, filed on Feb. 10, _ _ _
2005, now Pat. No. 7.361,925. Primary Examiner—1homas L Dickey
Assistant Examiner—Nikolay Yushin
(51) Int.CL (74) Attorney, Agent, or Firm—Dicke, Billig & Czaja, PLLC
HOIL 21/4763 (2006.01)
HOIL 47/00 (2006.01) (57) ABSTRACT
(52) U..S. Cl. ... e 438/637; 257/4 A memory cell device includes a first electrode, phase-change
(58) Field of Classification Search ST 257/298, material adjacent the first electrode, a second electrode adja-
257/209, 296, 295, £E45.002, E21.174, 4, cent the phase-change material, a diffusion barrier adjacent
o 438/ 12_8: 900, 637 the phase-change matenal, and 1solation material adjacent the
See application file for complete search history. diffusion barrier for thermally isolating the phase-change
(56) References Cited material. The diffusion barrier prevents diffusion of the

U.S. PATENT DOCUMENTS

5325913 A *  7/1994 Altoz .....covvvvvinininnnn.n. 165/287

42

7
// /l\

phase-change material into the 1solation materal.

22 Claims, 9 Drawing Sheets

30 4

“L““““

N\

N e
B\/NE

32



U.S. Patent Mar. 9, 2010 Sheet 1 of 9 US 7,674,709 B2

WRITE PULSE

GENERATOR

e
- (el
-t
- e

1110 dI0 NOILNgldLsid

SENSE 0
AMPLIFIER

Fig. 1



U.S. Patent Mar. 9, 2010 Sheet 2 of 9

\ \\\‘
\ RN \
//// A

““ K“‘

\\////\\

N




U.S. Patent Mar

N\
\QA\\

’//ﬂ//\// 2

\///
A

\“
A\
// //\

Fig. 5




U.S. Patent Mar. 9, 2010 Sheet 4 of 9 US 7,674,709 B2

800 1000 1200

10004
g 100
; 50
nd
1
" Start "
NENENENEENEEREEEERE
1 l
00 0.2 04 06 08 1.0 1.2 14 16 1.8 2.0 22 24
UreseT (V)

Fig. 6



U.S. Patent Mar. 9, 2010 Sheet 5 of 9 US 7,674,709 B2

30
38 \ 36 34 38

S r////// VIS

07 ~‘=7 7

39\ 44
Kig. 8™

A9
\\\\\\ 344

: \A& ;

Hig. 9

46
g 364
YA/ A

\}\\‘ 34c
SN\~

39
Fig. 10




U.S. Patent

Mar. 9, 2010 Sheet 6 of 9
36D
34
38
38
39
. 32
F1g. 11

36b

v,
///’

'\ '
““"L L““

Fig. 127

36b

40 // "’""7// :

“‘ L_.,“‘

B\/\E

Fig. 13 *

36  36b

40 //////////

BN/A\E

Fig. 14 **

US 7,674,709 B2



U.S. Patent Mar. 9, 2010 Sheet 7 of 9 US 7,674,709 B2

38 2O 36 34 38

\“// CINN\

42
--- C g 42

10 A/

\/\‘ 38

\\\\\\‘ N
VN

46 VA 446

// NS

NS

Fig. 18 *




U.S. Patent Mar. 9, 2010 Sheet 8 of 9 US 7,674,709 B2

N2 777

=N AN

PSS NSNN, f L L L L L LU
40

/// :

227
YAk

Fig. 19 *

48 NSNS TNE, FNNSSENE

40 ’//// /////// 0

NN\

39
Flg 20 -

N

: .\\‘%& \

Fig. 21 **

34a
m SN OO\

* /// 'W// -

Flg 22




U.S. Patent Mar. 9, 2010 Sheet 9 of 9 US 7,674,709 B2

34

WNAN

- s\%.\ :

3 32

KHig. 2

30

34

40 // /JI\'///

‘y\ e
se % N

Fig. 24>




US 7,674,709 B2

1

PHASE CHANGE MEMORY CELL WITH
HIGH READ MARGIN AT LOW POWER
OPERATION

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a divisional application of U.S. patent
application Ser. No. 11/101,972 filed Apr. 8, 2005, and a
continuation in part of U.S. patent application Ser. No.

11/054,853, filed Feb. 10, 20035, both of which are incorpo-
rated herein by reference.

BACKGROUND

The present invention relates to phase-change memories.
In particular, a system and method are provided for a phase-
change memory cell having a host material adjacent phase-
change maternial such that heat leakage 1n the phase-change
material 1s reduced. Phase-change materials may exhibit at
least two different states. Consequently, phase-change mate-
rial may be used 1n a memory cell to store a bit of data. The
states of phase-change material may be referenced to as amor-
phous and crystalline states. The states may be distinguished
because the amorphous state generally exhibits higher resis-
tivity than does the crystalline state. Generally, the amor-
phous state 1volves a more disordered atomic structure,
while the crystalline state 1s an ordered lattice.

Phase change in the phase-change materials may be
induced reversibly. In this way, the memory may change from
the amorphous to the crystalline state, and visa versa, in
response to temperature changes. The temperature changes to
the phase-change material may be achieved 1n a variety of
ways. For example, a laser can be directed to the phase-
change material, current may be driven through the phase-
change material, or current or voltage can be fed through a
resistive heater adjacent the phase-change material. With any
of these methods, controllable heating of the phase-change
material causes controllable phase change within the phase-
change material.

When a phase-change memory comprises a memory array
having a plurality of memory cells that are made of phase-
change material, the memory may be programmed to store
data utilizing the memory states of the phase-change material.
One way to read and write data 1n such a phase-change
memory device 1s to control a current and/or a voltage pulse
that 1s applied to the phase-change material. The level of
current and voltage generally corresponds to the temperature
induced within the phase-change material 1n each memory
cell. In order to mimimize the amount of power that 1s required
in each memory cell, the amount of heat that leaks from the
phase-change material should be minimized.

For these and other reasons, there 1s a need for the present
invention.

SUMMARY

One embodiment of the present invention provides a
memory cell device. The memory cell device includes a first
clectrode, phase-change maternial adjacent the first electrode,
a second electrode adjacent the phase-change material, a dii-
fusion barrier adjacent the phase-change material, and 1sola-
tion material adjacent the diffusion barrier for thermally 1so-
lating the phase-change material. The diffusion barrier
prevents diffusion of the phase-change material into the 1so-
lation material.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention and are incor-
porated 1n and constitute a part of this specification. The
drawings 1llustrate the embodiments of the present invention
and together with the description serve to explain the prin-
ciples of the invention. Other embodiments of the present
invention and many of the intended advantages of the present
invention will be readily appreciated as they become better
understood by reference to the following detailed description.
The elements of the drawings are not necessarily to scale
relative to each other. Like reference numerals designate cor-
responding similar parts.

FIG. 1 illustrates a block diagram of a memory cell device.

FIG. 2 illustrates a cross-sectional view through a phase-
change memory cell.

FIG. 3 1llustrates a cross-sectional view through a phase-
change memory cell with an illustrated temperature contour
plot during a reset operation.

FIG. 4 1llustrates a cross-sectional view through a phase-
change memory cell with a laterally surrounding isolation
material 1n accordance with one embodiment of the present
invention.

FIG. 5 1llustrates a cross-sectional view through a phase-
change memory cell with a laterally surrounding 1solation
material 1n accordance with another embodiment of the
present invention.

FIG. 6 illustrates a graph plotting the cell resistance as
obtained during a read operation as a function of the reset
pulse voltage and current.

FIG. 7 1llustrates a cross-sectional view through a phase-
change memory cell with a laterally surrounding diffusion
barrier and 1solation material 1n accordance with another
embodiment of the present invention.

FIG. 8 illustrates a cross-sectional view of one embodi-
ment ol a preprocessed waler.

FIG. 9 illustrates a cross-sectional view of one embodi-
ment of the preprocessed waler, a phase-change material
layer, and an electrode material layer.

FIG. 10 illustrates a cross-sectional view of one embodi-
ment of the preprocessed waler, phase-change matenial layer,
clectrode material layer, and a sublithographic mask layer.

FIG. 11 illustrates a cross-sectional view of one embodi-
ment of the preprocessed water, phase-change material layer,
and electrode material layer after etching the electrode mate-
rial layer and the phase-change material layer.

FIG. 12 illustrates a cross-sectional view of one embodi-
ment of the preprocessed water, phase-change material layer,
clectrode material layer, a diffusion barrier layer, and an
1solation matenal layer.

FIG. 13 illustrates a cross-sectional view of one embodi-
ment of the preprocessed water, phase-change material layer,
clectrode matenal layer, diffusion barrier layer, and 1solation
matenal layer after planarization.

FIG. 14 1llustrates a cross-sectional view of one embodi-
ment of the preprocessed waler, phase-change matenial layer,
clectrode material layer, diffusion barrier layer, 1solation
material layer, and an additional electrode material layer after
etching the additional electrode material layer.

FIG. 15 1llustrates a cross-sectional view through a phase-
change memory cell with a laterally surrounding diffusion
barrier and 1solation material 1n accordance with another
embodiment of the present invention.

FIG. 16 1llustrates a cross-sectional view of one embodi-
ment of a preprocessed water.
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FI1G. 17 1llustrates a cross-sectional view of one embodi-
ment of the preprocessed waler, an 1solation material layer, a
stop layer, and a sacrificial layer.

FIG. 18 1llustrates a cross-sectional view of one embodi-
ment of the preprocessed wafer, 1solation matenal layer, stop
layer, sacrificial layer, and a mask layer after etching the
sacrificial layer.

FI1G. 19 1llustrates a cross-sectional view of one embodi-
ment of the preprocessed wafer, 1solation material layer, stop
layer, sacrificial layer, and mask layer after etching the stop
layer and the 1solation material layer.

FI1G. 20 1llustrates a cross-sectional view one embodiment
ol the preprocessed waler, 1solation material layer, and stop
layer atter removing the mask layer and the sacrificial layer.

FI1G. 21 1llustrates a cross-sectional view of one embodi-
ment of the preprocessed waler, 1solation material layer, and
a diffusion barrier layer after etching the diffusion barrier
layer.

FI1G. 22 1llustrates a cross-sectional view of one embodi-
ment of the preprocessed water, 1solation material layer, dif-
fusion barrier layer, and a phase-change material layer.

FIG. 23 illustrates a cross-sectional view of one embodi-
ment of the preprocessed water, 1solation material layer, dif-
fusion barrier layer, and phase-change matenial layer after
planarization.

FI1G. 24 1llustrates a cross-sectional view of one embodi-
ment of the preprocessed waler, 1solation material layer, dii-
fusion barrier layer, phase-change material layer, and second
clectrode after etching the electrode material layer.

DETAILED DESCRIPTION

In the following Detailed Description, reference 1s made to
the accompanying drawings, which form a part hereof, and in
which 1s shown by way of illustration specific embodiments
in which the invention may be practiced. In this regard, direc-
tional terminology, such as “top,” “bottom,” “front,” “back,”
“leading,” “trailing,” etc., 1s used with reference to the orien-
tation of the Figure(s) being described. Because components
of embodiments of the present invention can be positioned 1n
a number of different orientations, the directional terminol-
ogy 1s used for purposes of illustration and 1s 1 no way
limiting. It 1s to be understood that other embodiments may be
utilized and structural or logical changes may be made with-
out departing from the scope of the present invention. The
tollowing detailed description, theretfore, 1s not to be taken 1n
a limiting sense, and the scope of the present mvention 1s
defined by the appended claims.

FIG. 1 illustrates a block diagram of a memory cell device
5. Memory cell device S includes write pulse generator 6,
distribution circuit 7, and memory cells 8a, 85, 8¢, and 84 and
a sense amplifier 9. In one embodiment, memory cells 8a-8d
are phase-change memory cells that are based on the amor-
phous to crystalline phase transition of the memory material.
In one embodiment, write pulse generator 6 generates current
or voltage pulses that are controllable directed to memory
cells 8a-8d4 via distribution circuit 7. In one embodiment,
distribution circuit 7 1s a plurality of transistors that control-
lable direct current or voltage pulses to the memory, and 1n
another embodiment, 1s a plurality of transistors that control-
lable direct current or voltage pulses to heaters adjacent to the
phase-change memory cells.

In one embodiment, memory cells 8a-8d are made of a
phase-change material that may be changed from an amor-
phous state to a crystalline state or crystalline state to amor-
phous under 1influence of temperature change. The degree of
crystallinity thereby defines at least two memory states for
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storing data within memory cell device S, which can be
assigned to the bit values “0” and “1”. The bit states of
memory cells 8a-8a differ significantly in their electrical
resistivity. In the amorphous state, a phase-change material
will exhibit significantly higher resistivity than it will in the
crystalline state. In this way, sense amplifier 9 may read the

cell resistance such that the bit value assigned to a particular
memory cell 8a-8a can be determined.

In order to program a memory cell 8a-8a within memory
cell device 5, write pulse generator 6 generates a current or
voltage pulse for heating the phase-change material in the
target memory cell. In one embodiment, write pulse generator
6 generates an appropriate current or voltage pulse, which 1s
fed 1nto distribution circuit 7 and distributed to the appropri-
ate target memory cell 8a-8a . The current or voltage pulse
amplitude and duration 1s controlled depending on whether
the memory cell 1s being set or reset. Generally, a “set”
operation ol a memory cell 1s heating the phase-change mate-
rial of the target memory cell above 1ts crystallization tem-
perature (but below its melting temperature) long enough to
achieve the crystalline state. Generally, a “reset” operation of
amemory cell 1s quickly heating the phase-change material of
the target memory cell above 1ts melting temperature, and
then quickly quench cooling the material, thereby achieving
the amorphous state.

FIG. 2 1llustrates a cross-section view through an exem-
plary phase-change memory cell 10 of the active-in-via type.
Phase-change memory cell 10 includes first electrode 12,
phase-change material 14, second electrode 16, and 1nsulator
material 18. The phase change material 14 1s laterally com-
pletely enclosed by 1nsulation material 18, which defines the
current path and hence the location of the phase change region
in phase change maternial 14. A selection device, such as an
active device like a transistor or diode, may be coupled to first
clectrode 12 to control the application of current or voltage to
first electrode 12, and thus to phase-change material 14, 1n
order to set and reset phase-change material 14.

In this way, during a set operation ol phase-change
memory cell 10, a set current or voltage pulse 1s selectively
enabled to phase-change material 14 thereby heating 1t above
its crystallization temperature (but below 1ts melting tempera-
ture). In this way, phase-change material 14 reaches its crys-
talline state during this set operation. During a reset operation
of phase-change memory cell 10, a reset current and/or volt-
age pulse 1s selectively enabled by the selection device and
sent through first electrode 12 to phase-change material 14.
Thereset current or voltage quickly heats phase-change mate-
rial 14 above its melting temperature, and then phase-change
material 14 1s quickly quench cooled to achieve 1ts amor-
phous state.

During a reset operation, phase-change material 14 typi-
cally begins heating and changing phases (melting) {from the
center of the cell due to thermal self-1solation of the phase-
change material 14. Generated heat, however, may also dii-
fuse into 1sulator material 18, which 1s typically an 1insulator
maternal like silicon dioxide. Thus, 1n a low power reset
operation, which avoids excessive overheating of the center,
there 1s a crystalline, rning-shaped volume at the edge of phase-
change material 14 remaining 1n the crystalline state due to
incomplete melting. Such an incomplete melted area 22 1s
illustrated in FI1G. 3, surrounding a suiliciently melted area 20
in phase-change material 14. A read operation undertaken
subsequent to a reset 1n such a configuration provides low
resistance shunt current paths in the area 22. This will mask
the readout signal detected by sense amplifier 9 in the high
resistance state.
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FIG. 4 1illustrates a cross-section view through an exem-
plary phase-change memory cell 30 1n accordance with one
embodiment of the present invention. Phase-change memory
cell 30 includes first electrode 32, phase-change material 34,
second electrode 36, and insulator material 38. In addition,
phase-change memory cell 30 includes 1solation material 40
adjacent phase-change material 34. In one embodiment, 1s0-
lation material 40 1s selected to have low thermal conductiv-
ity/diffusivity, thereby reducing the heat leakage from the
edges of phase-change material 34.

In one embodiment, phase-change memory cell 30 1s an
active-in-via (AIV) cell such that a reset pulse typically melts
phase-change material 34 starting at its center, and then the
melting front moves outward. In one embodiment of phase-
change memory cell 30, 1solation material 40 surrounds
phase-change material 34 at its outer edges. This reduces heat
leakage from the edge of phase-change maternial 34 by the
improved thermal insulation provided by the surrounding
1solation material 40. In this way, unlike with phase-change
memory device 10, melting of phase-change material 34 dur-
ing a low power reset operation tends to go all the way out to
its edge, thereby avoiding the crystalline, ring-shaped volume
found 1n the prior embodiment.

Since even the outermost portions phase-change material
34 are melted (and subsequently amorphized during quench
cooling), the total cell resistance will be much higher and read
operation undertaken subsequent to a reset provides large
read signals detected by sense amplifier 9. In this way, less
input power 1s needed to achieve adequate read margins dur-
ing reset operations. This allows lowering the reset pulse
signal compared to a cell without 1solation material 40, while
still maintaining a switching of the full cell cross-section
resulting in large read signals. Since the footprint of a scaled
phase change memory cell 1s predominately determined by
the width (and hence, area) of the select device required to
drive the current during reset operation, this power reduction
immediately translates into a more compact cell size.

Phase-change memory cell 30 may be fabricated in several
ways 1n accordance with the present invention. For example,
phase-change material 34 may be deposited and then etched,
and then 1solation material 40 formed adjacent to the edges of
phase-change material 34. In addition, a layer of 1solation
material 40 may first be deposited, and then a via etched
within the layer of 1solation material 40. Phase-change mate-
rial 34 may then be deposited 1n the via within the layer of
1solation material 40.

FIG. 5 1illustrates a cross-section view through an exem-
plary phase-change memory cell 30 1 accordance with
another embodiment of the present invention. Phase-change
memory cell 30 includes first electrode 32, phase-change
material 34, second electrode 36, and insulator material 38. In
addition, phase-change memory cell 30 includes 1solation
material 40 adjacent phase-change material 34. Here, 1sola-
tion material 40 1s only placed immediately adjacent phase-
change material 34, and 1s also selected to have low thermal
conductivity. Thus, with this embodiment, less i1solation
material 40 1s used, but heat leakage from the edges of phase-
change maternial 34 1s nonetheless etffectively reduced. In this
way, less additional mput power 1s needed to achieve the
increase in temperature that 1s needed for suilficient reset
operations. In addition, with this embodiment, the mechani-
cal stability for chemical mechanical polishing during the
fabrication process 1s improved.

FIG. 6 displays a graph plotting the cell resistance as
obtained during a read operation as a function of the reset
pulse voltage and current for three exemplary phase-change
memory cells. The onset of melting at the center of the phase
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change cell 1s 1llustrated by a dotted vertical line. Line 70 1n
FIG. 6 illustrates the characteristics of a phase-change
memory cell where the phase-change material 1s surrounded
by silicon dioxide as msulating material. Here, during a low
power reset around 1.0-1.5 'V, the cell does not display a sharp
switching characteristic, but instead displays a long lag phase
having relatively low read resistance. This 1s due to the partial
melting of the phase change material 1n the cell discussed
carlier, which results 1n the highly conductive connection at
the outer edge of the phase change material.

Line 60 1n FIG. 6 illustrates the characteristics of a phase-
change memory cell where the phase-change material 1s sur-
rounded by a thermal insulating material having a relatively
low dielectric constant (*low-k”), such as a porous oxide.
Here, during a reset the read resistance displays an improved
switching characteristic over line 70, and displays shorter lag
phase having relatively higher read resistance.

Line 50 1n FIG. 6 illustrates the characteristics of a phase-
change memory cell where the phase-change matenal 1s sur-
rounded by a thermal 1nsulating material having a relatively
low-k, such as Aerogel. Here, during a reset the read resis-
tance displays an improved and sharp switching characteris-
tic over line 60, and the lag phase of line 70 virtually vanishes.
The read resistance illustrates a sharp transition over several
orders of magnitude.

In one embodiment, 1solation material 40 1s a good thermal
insulator dielectric material such as a porous oxide film hav-
ing a thermal conductivity between 0.1 and 0.8 W/(mK). In
one embodiment, 1solation maternial 40 may be a dielectric
material such as Aerogel material with a thermal conductivity
of about 0.12-0.18 W/mK, and 1n another 1t may be a tem-
plated porous oxide dielectric such as Philk with a thermal
conductivity of about 0.13-0.17 W/mK.

Phase-change material 34 may be made up of a vaniety of
materials in accordance with the present invention. Generally,
chalcogenide alloys that contain one or more elements from
Column IV of the periodic table are useful as such materials.
In one embodiment, phase-change material 34 of memory
cell 30 1s made up of a chalcogenide compound material, such
as GeSbTe or AgInSbTe. In another embodiment, the phase
change maternial can be chalcogen-iree such as GeSb, GaSb or
GeGaSh.

Although the above-mentioned low-k dielectric matenals
function as 1solation material 40 for these types of phase-
change materials 34, other low-k dielectrics may also be
usable for different types of phase-change materials that may
be operated at relatively higher temperatures. Such low-k
dielectric materials include S1LK, Coral, LDK-5109, Orion®
2.2, CF-Polymer, and others.

Use of a low-k dielectric material surrounding the phase-
change material in a phase-change memory cell allows a
lowering of the reset pulse power (current and/or voltage)
compared to a phase-change cell without low-k dielectric
material surrounding the phase-change maternial, while still
maintaining a switching of the full cell cross-sectionresulting,
in large read signals. This allows for reduced phase-change
memory cell size and thus chip size as well, allowing for
increased chip density.

FIGS. 7-24 illustrate two embodiments for fabricating a
phase-change memory cell. FIGS. 7-14 and FIGS. 15-24
illustrate embodiments for fabricating a phase-change
memory cell, such as phase-change memory cell 30 illus-
trated 1n FI1G. 4.

FIG. 7 1llustrates a cross-sectional view through a phase-
change memory cell 30 i accordance with another embodi-
ment of the present mnvention. Phase-change memory cell 30
includes first electrode 32, phase-change material 34, second
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clectrode 36, and insulator material 38. In addition, phase-
change memory cell 30 includes optional diffusion barrier 42
adjacent phase-change material 34, and 1solation material 40
adjacent optional diffusion barrier 42. In other embodiments,
diffusion barrier 42 1s excluded. Phase-change material 34
provides a storage location for storing a bit of data.

Diffusion barrier 42 prevents the diffusion of phase-change
material 34 into 1solation material 40. In one embodiment,
diffusion barrier 42 includes SiN or another suitable barrier
material. In one embodiment, 1solation material 40 1s selected
to have low thermal conductivity/diffusivity, thereby reduc-
ing the heat leakage from the edges of phase-change material
34. In one embodiment, phase-change memory cell 30 1s a
pillar AIV phase-change memory cell. The process for fabri-
cating this embodiment of memory cell 30 1s 1llustrated in the
following FIGS. 8-14.

FI1G. 8 1llustrates a cross-sectional view of one embodi-
ment of a preprocessed waler 39. Preprocessed water 39
includes insulation material 38, first electrode 32, optional
contact material 44, and lower water layers (not shown). In
other embodiments, contact material 44 1s excluded. First
clectrode 32 1s a tungsten plug, copper plug, or another suit-
able electrode. Contact material 44 comprises Ta, TaN, TiN,
or another suitable contact material. Optional contact mate-
rial 44 1s provided in one embodiment by etching first elec-
trode 32 to form a recess, filling the recess with contact
material 44, and planarizing to provide preprocessed waler
39. In other embodiments, contact material 44 1s provided
using another suitable process.

FI1G. 9 1llustrates a cross-sectional view of one embodi-
ment ol preprocessed waler 39, a phase-change material layer
344, and an electrode material layer 36a. A planar deposition
of phase-change material, such as a chalcogenide compound
material or another suitable phase-change material, over pre-
processed waler 39 provides phase-change material layer
34a. A planar deposition of electrode material, such as TiN,
TaN, or another suitable electrode maternal, over phase-
change material layer 34a provides electrode material layer
36a. Phase-change material layer 34a and electrode material
layer 36a are deposited using chemical vapor deposition
(CVD), atomic layer deposition (ALD), metal organic chemi-
cal vapor deposition (MOCVD), plasma vapor deposition
(PVD), jet vapor deposition (JVP), or other suitable deposi-
tion technique.

FI1G. 10 1llustrates a cross-sectional view of one embodi-
ment of preprocessed water 39, phase-change material layer
34a, clectrode material layer 364, and a sublithographic mask
layer 46. In one embodiment, sublithographic mask layer 46
1s provided by spin-coating photoresist onto electrode mate-
rial layer 36a and performing optical lithography to define an
initial mask layer. The 1nitial mask layer 1s then reduced to
provide sublithographic mask layer 46 through a photoresist
trimming process. Alternatively, an additional hard mask
layer can be used and trimmed using a wet chemical pullback
ctch. In one embodiment, sublithographic mask layer 46 1s
positioned approximately above the center of first electrode
32.

FIG. 11 1llustrates a cross-sectional view of one embodi-
ment of preprocessed water 39, phase-change material layer
34, and electrode material layer 36 after etching electrode
material layer 36a and phase-change material layer 34a. The
portions of electrode material layer 36a and phase-change
material layer 34a not masked by sublithographic mask layer
46 are ctched with a dry etch or another suitable etch to
provide electrode material layer 365 and phase-change mate-
rial layer 34. After etching, sublithographic mask layer 46 1s
removed using a photoresist stripping method.
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FIG. 12 illustrates a cross-sectional view of one embodi-
ment of preprocessed water 39, phase-change material layer
34, clectrode material layer 365, an optional diffusion barrier
layer 42a, and an isolation material layer 40a. In another
embodiment, optional diffusion barrier layer 424 1s excluded.
Diffusion barrnier layer 42a 1s provided by depositing S1N or
another suitable barrier material over exposed portions of
preprocessed waler 39, phase-change matenal layer 34, and
clectrode matenial layer 366 using CVD, ALD, MOCVD,
PVD, IVP, or other suitable deposition technique. In one
embodiment, this deposition 1s conformal to achieve the same
thickness on the sidewalls of phase-change material layer 34
and on exposed portions of preprocessed water 39. Isolation
maternial layer 40a 1s provided by preferably conformally
depositing a material having low thermal conductivity/ditiu-
stvity over diffusion barrier material layer 42a using CVD,
ALD, MOCVD, PVD, JVP, or other suitable deposition tech-
nique.

FIG. 13 1llustrates a cross-sectional view of one embodi-
ment of preprocessed water 39, phase-change material layer
34, electrode matenial layer 36, diffusion barrier layer 42,
and 1solation material layer 40 after planarization of 1solation
material layer 40a and diffusion barrier layer 42a. Isolation
material layer 40a and diffusion barrier layer barrier 42a are
planarized to expose electrode material layer 365. Isolation
maternial layer 40a and diffusion barrier layer 42a are pla-
narized using chemical mechanical polishing (CMP) or
another suitable planarazation technique to provide 1solation
matenal layer 40 and diffusion barrier layer 42.

FIG. 14 1llustrates a cross-sectional view of one embodi-
ment of preprocessed water 39, phase-change material layer
34, electrode matenal layer 365, diffusion barrier layer 42,
1solation material layer 40, and an additional electrode mate-
rial layer after etching the additional electrode material layer.
In one embodiment, an additional diffusion barrier layer (not
shown) 1s deposited over exposed portions of 1solation mate-
rial layer 40, diffusion barrier layer 42, and electrode material
layer 36b6. The additional diffusion barrier layer 1s then etched
to expose electrode material layer 365. Regardless, an addi-
tional electrode material layer 1s deposited over exposed por-
tions of 1solation material layer 40, diffusion barrier layer 42,
and electrode layer 366 and etched to provide second elec-
trode 36. Second electrode 36 comprises TiN, TalN, or another
suitable electrode material. In one embodiment, second elec-
trode 36 provides a landing pad for the next level metalization
plug. Additional insulation material 1s then deposited around
second electrode 36 to provide phase-change memory cell 30
illustrated 1n FIG. 7.

FIG. 15 1llustrates a cross-sectional view through a phase-
change memory cell 30 i accordance with another embodi-
ment of the present mnvention. Phase-change memory cell 30
includes first electrode 32, phase-change material 34, second
clectrode 36, and insulator material 38. In addition, phase-
change memory cell 30 includes optional diffusion barrier 42
adjacent phase-change material 34, and 1solation material 40
adjacent optional diffusion barrier 42. In other embodiments,
diffusion barrier 42 1s excluded. Phase-change matenal 34
provides a storage location for storing a bit of data. In one
embodiment, phase-change material 34 has vertical side-
walls. In another embodiment, phase-change material 34 has
V-shaped sidewalls.

Diffusion barrier 42 prevents the diffusion of phase-change
material 34 into i1solation material 40. In one embodiment,
diffusion barrier 42 includes SiN or another suitable barrier
material. In one embodiment, 1solation material 40 1s selected
to have low thermal conductivity/diffusivity, thereby reduc-
ing the heat leakage from the edges of phase-change material
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34. In one embodiment, phase-change memory cell 30 1s a
V-cell AIV phase-change memory cell. The process for fab-
ricating this embodiment of memory cell 30 1s 1llustrated in
the following FIGS. 16-24.

FI1G. 16 1llustrates a cross-sectional view of one embodi-
ment of a preprocessed waler 39. Preprocessed water 39
includes insulation material 38, first electrode 32, optional
contact material 44, and lower water layers (not shown). In
other embodiments, contact material 44 1s excluded. First
clectrode 32 1s a tungsten plug, copper plug, or another suit-
able electrode. Contact material 44 comprises Ta, TaN, TiN,
or another suitable contact material. Optional contact mate-
rial 44 1s provided 1n one embodiment by etching first elec-
trode 32 to form a recess, filling the recess with contact
maternial 44, and planarizing to provide preprocessed waler
39. In other embodiments, contact material 44 1s provided
using another suitable process.

FI1G. 17 1llustrates a cross-sectional view of one embodi-
ment of preprocessed waler 39, an 1solation material layer
40a, a stop layer 48a, and a sacrificial layer 38a. A planar
deposition of a material having low thermal conductivity/
diffusivity over preprocessed water 39 provides 1solation
material layer 40a. A planar deposition of SiN or another
suitable material over 1solation material layer 40a provides
stop layer 48a. A planar deposition of an insulating material,
such as S10,, over stop layer 48a provides sacrificial layer
38a. Isolation material layer 40, stop layer 48, and sacrificial
layer 38 are deposited using CVD, ALD, MOCVD, PVD,
IVP, or other suitable deposition technique.

FI1G. 18 1llustrates a cross-sectional view of one embodi-
ment of preprocessed water 39, 1solation material layer 40a,
stop layer 48a, sacrificial layer 385, and a mask layer 46 after
etching sacrificial layer 38a. The portion of sacrificial layer
38a not masked by mask layer 46 1s etched using a tapered via
ctch down to stop layer 48 to provide sacrificial layer 385. The
tapered via etch reduces the contact dimensions for phase-
change memory cell 30 to sublithographic dimensions. In one
embodiment, the tapered via 1s positioned approximately
above the center of first electrode 32.

FIG. 19 1llustrates a cross-sectional view of one embodi-
ment of preprocessed water 39, 1solation material layer 40,
stop layer 48, sacrificial layer 385, and mask layer 46 after
ctching stop layer 484 and 1solation matenal layer 40a. Stop
layer 48a 1s etched using a dry etch or another suitable etch to
transier the sublithographic opening of sacrificial layer 385 to
provide stop layer 48. Isolation material layer 40a 1s etched
using an oxide etch or another suitable etch to transfer the
sublithographic opening of sacrificial layer 3856 to provide
1solation material layer 40 having a via positioned approxi-
mately above the center of first electrode 32.

FIG. 20 illustrates a cross-sectional view of one embodi-
ment of preprocessed waler 39, 1solation material layer 40,
and stop layer 48 after removing mask layer 46 and sacrificial
layer 385. Mask layer 46 1s removed using an O, plasma
photoresist strip and dry process or another suitable photore-
sistremoval method. Sacrificial layer 385 1s removed using an
anisotropic oxide etch or another suitable method.

FI1G. 21 1llustrates a cross-sectional view of one embodi-
ment of preprocessed waler 39, 1solation material layer 40,
and an optional diffusion barrier layer 42 after etching the
optional diffusion barrier layer. In other embodiments, difiu-
sion barrier layer 42 1s excluded. Diffusion barrier layer 42 1s
provided by conformally depositing SiN or another suitable
barrier material over exposed portions of preprocessed waler
39 and i1solation material layer 40 using CVD, ALD,
MOCVD, PVD, JVP, or other suitable deposition technique.

An anisotropic back etch or another suitable method 1s used to
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remove the diffusion barrier material to expose first electrode
32. In one embodiment, both stop layer 48 and diffusion
barrier layer 42 comprise SiN, therefore stop layer 48 com-
bines with the diffusion barrier layer to provide diffusion
barrier layer 42.

FIG. 22 1llustrates a cross-sectional view of one embodi-
ment of preprocessed waler 39, 1solation material layer 40,
diffusion barrier layer 42, and a phase-change material layer
34a. Phase-change matenial, such as a chalcogenide com-
pound material or another suitable phase-change material, 1s
deposited over exposed portions of preprocessed water 39
and diffusion barrier layer 42 to provide phase-change mate-
rial layer 34a. Phase-change material layer 34a 1s deposited
using CVD, ALD, MOCVD, PVD, JVP, or other suitable
deposition technique.

FIG. 23 illustrates a cross-sectional view of one embodi-
ment of preprocessed waler 39, 1solation material layer 40,
diffusion barrier layer 42, and phase-change material layer 34
alter planarization of phase-change material layer 34a.
Phase-change material layer 34a 1s planarized to expose dii-
fusion barrier layer 42 and provide a sublithographic phase-
change material layer 34. Phase-change material layer 34a 1s
planarized using CMP or another suitable planarization tech-
nique.

FIG. 24 1llustrates a cross-sectional view of one embodi-
ment of preprocessed waler 39, 1solation material layer 40,
diffusion barrier layer 42, phase-change material layer 34,
and second electrode 36 after etching an electrode material
layer. An electrode material layer 1s deposited over exposed
portions of diffusion barrier layer 42 and phase-change mate-
rial layer 34 and etched to provide second electrode 36. Sec-
ond electrode 36 comprises TiN, TalN, or another suitable
electrode material. In one embodiment, second electrode 36
provides a landing pad for the next level metalization plug.
Additional insulation material 38 1s then deposited around
second electrode 36 to provide phase-change memory cell 30
illustrated 1n FIG. 15.

Although specific embodiments have been 1illustrated and
described herein, 1t will be appreciated by those of ordinary
skill 1n the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the scope
of the present invention. This application 1s intended to cover
any adaptations or variations of the specific embodiments
discussed herein. Theretore, it 1s intended that this invention
be limited only by the claims and the equivalents thereof.

What 1s claimed 1s:

1. A method for fabricating a memory cell device, the
method comprising:

providing a preprocessed waler having a first electrode
laterally surrounded by insulation maternial, the first
clectrode having an exposed upper surface aligned with
an exposed upper surface of the msulation matenal;

depositing a phase-change material layer adjacent the pre-
processed waler such that the phase-change material
layer directly contacts the entire exposed upper surface
of the first electrode:

depositing an electrode material layer adjacent the phase-
change matenal layer;

ctching the phase-change material layer and the electrode

material layer to form a second electrode and a storage
location such that sidewalls of the second electrode and

the storage location are aligned; and

depositing 1solation material adjacent the storage location,
the 1solation material having a thermal conductivity

between 0.1 and 0.8 W/mK.



US 7,674,709 B2

11

2. The method of claim 1, wherein providing the prepro-
cessed waler comprises providing a preprocessed waler hav-
ing a {irst electrode comprising a contact material deposited
adjacent a metallic plug.

3. The method of claim 1, wherein etching the phase-
change material layer and the electrode material layer com-
prises etching the phase-change material layer and the elec-
trode material layer based on a sublithographic mask layer.

4. The method of claim 1, further comprising;

depositing a diffusion barrier surrounding the storage loca-

tion for preventing diffusion of the phase-change mate-
rial into the 1solation material.

5. The method of claim 4, wherein depositing the diffusion
barrier comprises depositing SiN.

6. The method of claim 1, wherein providing the prepro-
cessed waler comprises providing a preprocessed waler com-
prising a tungsten plug.

7. The method of claim 1, wherein providing the prepro-
cessed waler comprises providing a preprocessed waler com-
prising a copper plug.

8. The method of claim 1, wherein depositing the phase-
change material layer comprises depositing a chalcogenide
material layer.

9. The method of claim 1, wherein depositing the electrode
material layer comprises depositing one of TiN and TaN.

10. The method of claim 1, further comprising:

depositing insulation material adjacent the second elec-

trode.
11. The method of claim 10, wherein depositing mnsulation
material comprises depositing one of S10, and fluorinated
silica glass.
12. A method for fabricating a memory cell device, the
method comprising:
providing a preprocessed waler having a first electrode
laterally surrounded by insulation matenal, the first
clectrode having an exposed upper surface alianed with
an exposed upper surface of the insulation matenal;

depositing an 1solation material layer adjacent the prepro-
cessed waler such that the isolation material layer
directly contacts the entire exposed upper surface of the
first electrode, the 1solation material having a thermal
conductivity between 0.1 and 0.8 W/mK;

depositing a stop layer adjacent the isolation material

layer;

depositing a sacrificial layer adjacent the stop layer;

etching the sacrificial layer to the stop layer to form a

tapered via above the first electrode;

etching the stop layer and the 1solation layer at a bottom of

the tapered via to form an extended via;

removing the sacrificial layer;
depositing phase-change matenal in the extended via; and
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fabricating a second electrode adjacent the phase-change

material.

13. The method of claim 12, further comprising:

depositing a diffusion barrier adjacent the 1solation layer to

prevent diffusion of the phase-change maternial into the
1solation materal.

14. The method of claim 13, wherein depositing the diffu-
s10n barrier comprises depositing SiN.

15. The method of claim 12, wherein providing the prepro-
cessed water comprises providing a preprocessed waler com-
prising a tungsten plug.

16. The method of claim 12, wherein providing the prepro-
cessed waler comprises providing a preprocessed waler com-
prising a copper plug.

17. The method of claim 12, wherein depositing the stop
layer comprises depositing a S1N layer.

18. The method of claim 12, wherein depositing the sacri-
ficial layer comprises depositing a S10, layer.

19. The method of claim 12, wherein depositing phase-
change material comprises depositing a chalcogenide mate-
rial layer.

20. The method of claim 12, further comprising:

depositing insulation material adjacent the second elec-

trode and the storage location.
21. The method of claim 20, wherein depositing insulation
material comprises depositing one of S10, and fluormated
silica glass.
22. A method for fabricating an integrated circuit having a
memory cell, the method comprising:
providing a preprocessed water including a first electrode
laterally surrounded by insulation matenal, the first
clectrode having an exposed upper surface aligned with
an exposed upper surface of the msulation matenal;

depositing a resistivity changing material layer over the
preprocessed waler such that the resistivity changing
material layer directly contacts the entire exposed tipper
surface of the first electrode;

depositing an electrode material layer over the resistivity

changing material layer; etching the resistivity changing
material layer and the electrode matenal layer to expose
portions of the first electrode to provide a storage loca-
tion and a second electrode;

depositing a diffusion barrier material layer over exposed

portions of the second electrode, the storage location,
and the first electrode;

depositing an 1solation material layer over the diffusion

barrier maternial layer, the isolation material having a

thermal conductivity between 0.1 and 0.8 W/mK; and
planarizing the isolation material layer and the diffusion

barrier material layer to expose the second electrode.
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